Introduction
We present the temporal variation of the solar angular momentum derived from helioseismic observations. There are inversions for the total solar angular momentum [1] but not for individual layers. Therefore, we use the rotation rates resulting from rotation inversions of GONG data [2] and the density distribution from a model of the Sun [3] . We focus especially on the layers near the base of the convection zone and the layers near the solar surface.
Definitions
The angular momentum of a thin spherical shell with radius r and thickness dr can be written as:
with density , colatitude , and rotation rate Ω. The solid-body rotation rate of a shell is defined as:
The angular momentum from h to the surface R is defined as the integral over the appropriate spherical shells:
The solid-body rotation rate of the Sun, Ω0 is defined as:
and the relative angular momentum is then:
Temporal Averages
The tachocline stands out as a special location in otherwise rather 'boring' average quantities.
The angular momentum, normalized by the thickness of the shell, follows essentially the product of density times the fourth power of radius (top). The tachocline can be identified as a local maximum in the radial gradient of the normalized angular momentum (not shown) and as a local maximum in the relative angular momentum (bottom). The dotted lines indicate the location of the upper shear layer (r = 0.96 R ) and the base of the convection zone (r = 0.71 R ). 
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Integrated Angular Momentum
The angular momentum is conserved when integrated over the upper half of the convection zone. It shows a small systematic variation when integrated over the upper third (torsional oscillations) which appears to be anticorrelated to the even smaller variation that results from placing the lower limit of integration near the bottom of the convection zone.
The angular momentum integrated from h to R (Eq. [3] ) normalized by the temporal average. We apply Wavelet Denoising [4] to the residuals to reduce the influence of Gaussian noise (denoised) and to emphasize the long-term behavior (long-term). The errors are about 0.1%.
The residual integrated angular momentum in % (top) and its long-term component (bottom). The dashed lines indicate the locations corresponding to the previous figure. The torsional oscillation pattern seems to extend below 0.9 R .
The rms values of the integrated angular momentum (including denoised and long-term).
The small values at h 0.83-0.89 R indicate angular momentum conservation over the upper half of the convection zone.
Temporal Variation
The angular momentum shows the strongest temporal variation near the tachocline. This variation is reminiscent of the 1.3-yr periodicity [5] found in the equatorial rotation rate of the tachocline, which is not too surprising since the angular momentum of a spherical shell is heavily weighted toward the equator. This variation of angular momentum extends into the lower half of the convection zone and into the radiative interior.
The angular momentum (in 10 35 g cm s ;1 , smoothed) after subtracting the temporal average at each grid point in radius. We show its temporal variation in the upper third of the convection zone (top), where the torsional oscillations are located, and in the whole convection zone and part of the radiative interior (bottom). The dashed lines indicate the location of the upper shear layer (r = 0.96 R ) and the base of the convection zone (r = 0.71 R ).
The correlation between the temporal variation of the angular momentum at the tachocline and that at other depths. The corresponding correlation of the equatorial rotation rate is included for comparison (dashed line). The blue lines indicate the 99.9% level of significance.
Summary
The tachocline is a special location with regard to angular momentum. The fluctuations near the tachocline dominate the dynamics of the lower convection zone.
The variations in the upper part of the convection zone are dominated by torsional oscillations, which might extend deeper than previously thought (see [6] ).
What happens in the middle of the convection zone where both patterns meet?
